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为一种新型的激动剂靶向 RXRα，通过调控 RXRα 的转录激活活性以及降解核
内的 β-catenin，抑制结肠癌细胞增殖。 
我们通过实验发现，黄连素可以和 RXRα 的天然配体 9-顺式视黄酸
（9-cis-RA，9cRA），在 RXRα 的转录激活水平及结肠癌细胞增殖的抑制等方
面发挥协同的作用。Real-time PCR 实验表明，黄连素和 9-cis-RA 能在提高
RXRα 的下游靶基因肿瘤抑制因子FOXO3A 的mRNA 水平表达上发挥协同效
应。这些协同作用暗示了黄连素是通过不同于 9-cis-RA 的独特的方式结合到
RXRα 配体结合区域来发挥功效。哺乳动物单杂交和 HPLC 等实验的点突变分
析，证明黄连素通过直接与核受体 RXRα 上 275 位的谷氨酰胺、316 位的精氨
酸残基结合，增强 RXRα 的转录激活水平。哺乳双杂交实验证明黄连素可以促
进 RXRα 和 β-catenin 的相互作用，并且呈浓度依赖性。而黄连素对 RXRα 的
靶定，对促进 RXRα 和 β-catenin 的结合，抑制 Wnt 通路活性和肿瘤细胞的生
长都具有重要意义。 




































































Retinoid X receptor (RXRα is a member of nuclear receptor superfamily and 
involved in cell proliferation, differentiation, metabolism, embryonic development 
and other physiological processes, especially in carcinogenesis. Its ligands are 
expected to be antitumor agents.  
Berberine, an isoquinoline alkaloid, is a traditional oriental medicine which is 
extracted from coptis chinensis and used to treat diarrhea and gastroenteritis. 
Recently, it’s a popular trend to study the antitumor activity of berberine. However, 
the intracellular target mediating the effects of berberine remains elusive. Our 
previous experiments identified medicine berberine as a novel RXRα ligand. And 
berberine could increase transcriptional activity of RXRα, as well as degradation of 
intranuclear β-catenin, to inhibit the growth of colon cancer cells by physically 
binding to RXRα. 
Here, we provide evidence that berberine directly binds to a unique region 
comprising residues Gln275 and Arg316 in nuclear receptor RXRα, where berberine 
concomitantly binding to and synergistically activating RXRα with 9-cis-retinoic 
acid (9-cis-RA, 9cRA), a natural RXRα ligand binding to the classical ligand binding 
pocket. And there is also a synergistic inhibitory effect of berberine and 9-cis-RA on 
colon cancer cell growth which is subjected to EdU assays. Real-time PCR analysis 
of FOXO3A, a target gene of RXRα and a tumor repressor, shows a significant 
increasing of mRNA expression when berberine and 9-cis-RA added together in 
colon cancer cells. The synergistic rather than competitive effect between berberine 
and 9-cis-RA exhibits that they might bind to different regions in RXRα. Berberine 
promotes RXRα interaction with nuclear β-catenin which is analyzed by mammalian 
two-hybrid assay and this effect is enhanced by berberine dose-dependently. These 
results thus suggest that binding to RXRα is required for berberine to promote 

















Berberine elvates the transcriptional activity of RXRα to inhibit the colon 
cancer cell growth by binding to RXRα. We preliminary understand how berberine 
binds to RXRα-LBD with the structural mode analysis of berberine and RXRα, 
which supports a new sight to design the superior RXRα-targeted antitumor 
medicine. Based on these researches, we try to keep the advantages of berberine’s 
low toxicity and high selectivity and develop the analogs with the better solubility 
and anti-cancer effect.  
We have designed and synthesized 21 kinds of berberine derivatives and 
identified these compounds by dual luciferase reporter gene assays and MTT tests to 
see their transcriptional activity and other biological abilities. We choose a special 
cyclical pattern combined transformation and indentification to analyze the 
structure-activity relationship. Now, there are two berberine derivatives 122 and 125, 
which have a better solubility, activation of RXRα transcription and stronger 
inhibition in human colon cancer compared with berberine and other derivatives for 
further drug metabolic analysis and transformation. 
 




































在我国，近几年的结肠癌发病情况呈现出迅猛地上升势头。20 世纪 90 年代
与 70 年代对比发现，我国结肠癌的发病率在城市中升高了 32.0%，农村中升高
了 8.5%。这些数据都显示，结肠癌已然成为影响我国人民健康的常见恶性肿瘤。
但至今，该病症的总体治疗效果仍不如人意，5 年的患者生存率仅在 60% 左右。 
结肠癌作为全球都常见的恶性肿瘤，病死率在 2010 年前位居恶性肿瘤死因
第二位，主要原因是进展后的结肠癌预后很差[1]。Ⅱ 期结肠癌患者中，通过手术
可以治愈 60%～70%，而其中 15%～20% 的病人，手术后即使经受化疗，仍会出









史的合并 OR 值是 1.72，2.61；②饮食相关因素，作为今天肠癌高发的主要原因，
包括动物脂肪摄入过量，蛋白质尤其是红肉的食用过量，以及膳食纤维的纳入不
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